Abstract. We have performed a combined experimental and analytical study of cleavage in mica using a double cantilever beam geometry in which a crack induced by a wedge driven into one side of the specimen interacts with a pre-existing, coplanar, internal crack. The internal crack is produced by inserting a fiber into the sample on the cleavage plane. As the wedge-driven crack approaches the internal crack, its growth is retarded by the defect, producing an increase in the apparent fracture resistance. With continued loading, the two cracks coalesce. The experiment has been analyzed using a cohesive zone approach to represent the interlayer adhesion in mica. Analysis of the various stages of the experiment reveal scaling dependencies of the different cohesive zone parameters. The coalescence event has been found to depend on parameters other than the fracture resistance of the interface, making it useful for determining additional parameters in the cohesive description, such as the characteristic opening to failure or the cohesive stress. Analysis of the coalescence event is reproduced with finite element calculations. The interaction experiment allows multiple parameters to be determined in a single experiment using a single sample. In our experiments, we observe an increase in the apparent fracture resistance without introducing additional mechanisms for dissipation. Our results reveal the nature of this pinning mechanism and its strength in terms of cohesive fracture parameters.
Introduction
Cleavage experiments in mica by insertion of a wedge, using a double cantilever beam (DCB) geometry date back to the work of Obreimoff (1930) and have been revisited often (Lawn, 1993) . They have contributed greatly to our understanding of the physics of fracture. Here we report on DCB experiments in which a primary crack, induced by the wedge, interacts with a second, internal crack. These experiments build on the work of Wan et al. (1990 Wan et al. ( , 1992 and Wan and Lawn (1992) , where a repulsive interaction between coplanar cracks was observed in mica. With increasing wedge insertion the two cracks eventually coalesce. The experiments have been simulated using a cohesive zone model for the interfacial separation process. They reveal that the instability corresponding to crack coalescence depends on details of the cohesive zone model in addition to the fracture energy. By obtaining agreement between the experiments and simulation, one is able to extract a measure of the characteristic cohesive zone opening.
Although the cohesive zone approach to modeling fracture has recently become a active area of research, the basic ideas behind the approach were established some time ago. As early as 1933, Prandtl (1933) employed a cohesive traction relation to predict the length of debonded zone between two slender beams. Barenblatt (159) proposed a cohesive zone model that accounted for finite strength in the interaction forces between atoms near a crack tip. Dugdale (1960) used a similar cohesive model to treat yielding in a plastic strip in front of a crack tip. Willis (1967) considered a cohesive force zone in front of a dynamically propagating crack. So-called 'nodal release' methods for modeling fracture by splitting nodes along the fracture path within a finite element setting also appeared some time ago (Keegstra, 1976; Kobayashi et al., 1976; Rydholm, 1978) . Use of a network of cohesive surfaces within a finite element setting was pioneered by Ortiz and Suresh (1993) in application to intergranular fracture of ceramics. Xu and Needleman (1994, 1996) applied the network approach to simulation of generalized fracture in homogeneous material. In their frequently cited work, they include the contribution from a network of cohesive surfaces in the statement of virtual work. They also present a mixed-mode traction-separation relationship that has been widely used in the study of brittle fracture. In their work 'Xu and Needleman (1994) , they demonstrate that the method is capable of qualitatively reproducing aspects of dynamic fracture, such as crack tip instabilities and branching.
The advantage of adopting a cohesive rather than point-singularity description of the crack tip is that the mechanisms of decohesion become embedded in the analysis rather than being treated phenomenologically. It is especially powerful when implemented for numerical simulation of fracture, and is able to model different forms of material inelasticity, crack nucleation and propagation. In particular, it has the potential to extend fracture analysis to small dimensions. The cohesive zone approach requires the specification of a model that describes tractions resisting separation of material points at a crack tip. In an ideal elastic material, the macroscopic mechanics of a propagating crack, when the cohesive zone is small compared to all dimensions, are governed by the work of fracture alone (Lawn, 1993) . Other cohesive zone parameters affect only the details of the stress and displacement fields near the crack tip. In inelastic materials, however, the work of fracture alone is insufficient; at least a second parameter is needed, such as peak separation stress or characteristic opening displacement. Even for a crack in an ideal elastic material, these details of the cohesive zone model play a role in crack initiation and affect certain crack front instabilities.
Experimental procedure

MATERIAL SELECTION AND PREPARATION
Muscovite mica, an alumina silicate, is widely used in brittle fracture and interface studies (Obreimoff, 1930; Bryant et al., 1963; Bailey and Kay, 1967; Wan et al., 1990 Wan et al., , 1992 . Mica is composed of silica tetrahedra that are strongly bonded in layers to aluminum cations. A layer of potassium ions weakly bonds silica-aluminum-silica layers together. Because of its layered crystal structure, mica cleaves naturally along the weak plane of potassium bonds, as illustrated in Figure 1 , and largely heals upon closure in the absence of environmental attack of the fracture surface.
In addition, muscovite mica is optically transparent, making crack length measurements possible by viewing interference fringes on the cleavage plane through the sample. DCB specimens, nominally 50 mm × 10 mm × 0.15 mm in dimension, are cut from single crystal muscovite mica sheets using a precision saw. To introduce an internal coplanar crack, the specimen is cleaved a distance of approximately 25 mm. Then, a 7 µm carbon fiber is inserted across the width of the specimen, and the cleaved mica is allowed to heal. The fiber creates a well-defined internal crack at the interface. Because of the layered structure of mica and its brittleness, edge damage is a significant problem. Edge damage causes the crack to grow in
